Effects of the abused solvent toluene on recombinant P2X receptors expressed in HEK293 cells.
ATP acts as a neurotransmitter in both the peripheral and central nervous systems by activating receptors in the P2Y and P2X families. P2Y receptors are coupled to intracellular signaling pathways, while P2X receptors contain an integral membrane-spanning pore and act as ion channels. Previous studies have established that certain abused drugs such as alcohol inhibit P2X receptors. In this study, we have examined the sensitivity of both homomeric and heteromeric P2X receptors to toluene, a commercial solvent widely used as a drug of abuse. P2X receptors were transiently expressed in HEK293 cells, and agonist-gated currents were measured using whole-cell patch clamp electrophysiology. Toluene potentiated currents in cells expressing homomeric P2X2 or P2X4 subunits when ATP concentrations were near or below the EC50 concentration. This potentiation was rapid in onset, voltage independent and was readily reversed upon washout of the toluene-containing solution. The toluene-induced potentiation of P2X2 currents was not altered by lowering the pH of the recording media to 5.5 or by including the heavy-metal chelator EDTA in the recording solution. At maximal ATP concentrations, toluene did not affect ATP-gated currents in cells expressing P2X2 or P2X4 receptors. ATP-gated currents were also markedly potentiated by toluene in cells transfected with both P2X4 and P2X6 subunits. In contrast, P2X3 receptor currents were inhibited by toluene at both low and high ATP concentrations. HEK293 cells transfected with both P2X2 and P2X3 subunits showed non-desensitizing currents when stimulated with alpha, beta-methylene ATP. In these cells, toluene potentiated currents only at sub-maximal concentrations of alpha, beta-methylene ATP. The results of this study suggest that the abused solvent toluene affects the function of P2X receptors in a subunit-dependent and agonist-dependent fashion.